START CONTROL APPARATUS OF INTERNAL COMBUSTION ENGINE 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 This invention relates to a start control apparatus of 

an internal combustion engine particularly in stopping and 
restarting of cranking at the starting time in a control 
apparatus of an internal combustion engine for performing 
cylinder determination and cylinder control based on a crank 
10 angle signal of a crankshaft and a cam signal of a cam shaft 
of an internal combustion engine installed in a vehicle, for 
example . 

2. Description of the Related Art 

Generally, in an internal combustion engine of a vehicle 
15 engine, etc., a fuel control apparatus is known which is provided 
with sensors for detecting a crank angle signal and a cam signal 
of an internal combustion engine to optimally control fuel 
injection and ignition timings, etc., for a plurality of 
cylinders in response to drive conditions, and capable of 
20 performing cylinder determination and fuel injection and 
ignition timing control as disclosed in JP-A-11-311 14 6 . 

However, in cranking at the engine start time, smooth 
rotation is rare and the rotation speed largely fluctuates. 
Fuel ignition control is just started and the rotation speed 
25 is low in the vicinity of a top dead point or a bottom dead 
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point and becomes high in the vicinity of an intermediate point 
between the top and bottom dead points. The case where the 
driver turns off a starter by mistake although the starter is 
driven and the engine starts to rotate seldom occurs . Further, 
5 the case occurs where reliable combustion cannot be conducted 
at low-temperature time and complete explosion is not reached 
although the starter is driven for a while and the engine is 
stopped as the starter is turned off. In some apparatus in 
related arts, drive control of an internal combustion engine 

10 is continued regardless of the starter off. 

Thus, in the worst case, if rise to a compression top 
dead point (TDC) cannot be accomplished as the starter is turned 
off during the compression stroke of a piston, the piston falls 
just before the TDC and the engine rotates reversely. At this 

15 time, rotation stops momentarily because of reverse rotation 
from forward rotation. Thus, as rotation fluctuates, the input 
period of a crank angle signal is prolonged and the period of 
the crank angle signal becomes unequal interval (pitch) and 
therefore erroneous detection of determining a crank angle lost 

20 tooth occurs easily. 

As described above, in the apparatus in the related art, 
in cranking at the starting time, in various starting 
environments or if the starter is repeatedly turned on and off, 
there is a possibility that unequal pitch (interval) of the 

25 crank angle may be detected erroneously. Consequently, 
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cylinder determination is erroneously made and fuel injection 
and ignition timing control differs from desired control and 
there is a fear of incurring backfire, engine lock, etc. 



5 SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide 
a start control apparatus of an internal combustion engine for 
preventing erroneous detection of a crank angle and a cylinder 
for preventing erroneous control of fuel inj ection and ignition 

10 if a starter is switched from on to off when the internal 
combustion engine is started. 

According to the invention, there is provided a start 
control apparatus of an internal combustion engine, including 
a starter, a number-of-revolution detection unit, a crankshaft, 

15 a crank angle sensor, a cam shaft, a cam sensor, and a control 
unit. The starter drives when the internal combustion engine 
is started. The starter detection unit detects switching between 
drive and non-drive of the starter. The number-of -revolution 
detection unit detects the number of revolutions of the internal 

20 combustion engine. The crankshaft is connected to the internal 
combustion engine for rotating. The crank angle sensor rotates 
in synchronization with the crankshaft and outputs a crank angle 
signal every predetermined angle and also has a reference 
position signal for indicating a reference angle in the crank 

25 angle signal. The cam shaft rotates in a predetermined ratio 
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to rotation of the crankshaft. The cam sensor rotates in 
synchronization with the cam shaft and outputs a predetermined 
pattern signal for making a cylinder determination . The control 
unit performs ignition control of the internal combustion engine 
5 based on the output signals of both the crank angle sensor and 
the cam sensor. The control unit has a start determination unit 
for determining whether starting the internal combustion engine 
is to be stopped or continued based on the crank angle and the 
number of revolutions just before the crank angle just after 

10 the starter detection unit detects the starter being switched 
from a drive state to a non-drive state when the detected number 
of revolutions is less than idling speed, and performs ignition 
stop control to stop starting the internal combustion engine 
or performs ignition control to continue starting the internal 

15 combustion engine in accordance with the start determination 
result . 

When the number of revolutions of the internal combustion 
engine just before the starter being switched from the drive 
state to the non-drive state is detected rises to equal to or 

20 greater than a predetermined value, the start determination 
unit of the start control apparatus of the internal combustion 
engine according to the invention determines that starting the 
internal combustion engine is to be continued and if the number 
of revolutions is less than the predetermined value, the start 

25 determination unit determines that starting the internal 
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combustion engine is to be stopped. 

When the maximum number of revolutions among the stored 
numbers of revolutions of the internal combustion engine just 
before the starter being switched from the drive state to the 
5 non-drive state is detected is equal to or greater than a 
predetermined value exceeding the number of revolutions at which 
driving by the starter is possible, the start determination 
unit of the start control apparatus of the internal combustion 
engine according to the invention determines that starting the 

10 internal combustion engine is to be continued and if the number 
of revolutions is less than the predetermined value, the start 
determination unit determines that starting the internal 
combustion engine is to be stopped. 

When the minimum number of revolutions among the stored 

15. numbers of revolutions of the internal combustion engine just 
before the starter being switched from the drive state to the 
non-drive state is detected is equal to or greater than a 
predetermined value exceeding the number of revolutions at which 
driving by the starter is possible, the start determination 

20 unit of the start control apparatus of the internal combustion 
engine according to the invention determines that starting the 
internal combustion engine is to be continued and if the number 
of revolutions is less than the predetermined value, the start 
determination unit determines that starting the internal 

25 combustion engine is to be stopped. 
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The start control apparatus of the internal combustion 
engine according to the invention further includes a temperature 
sensor for detecting temperature in the internal combustion 
engine, wherein if the temperature is a high temperature equal 
5 to or greater than a predetermined value, the start determination 
unit uses the maximum number of revolutions among the stored 
numbers of revolutions of the internal combustion engine just 
before the starter being switched from the drive state to the 
non-drive state is detected or if the temperature is less than 

10 the predetermined value, the start determination unit uses the 
minimum number of revolutions, and makes a comparison between 
the predetermined value exceeding the number of revolutions 
at which driving by the starter is possible and the maximum 
or minimum number of revolutions and if the maximum or minimum 

15 number of .revolutions is equal to or greater than the 
predetermined value, the start determination unit determines 
that starting the internal combustion engine is to be continued 
and if the maximum or minimum number of revolutions is less 
than the predetermined value, the start determination unit 

20 determines that starting the internal combustion engine is to 
be stopped. 

When the crank angle when the starter being switched from 
the drive state to the non-drive state is detected is just after 
ignition, the start determination unit postpones determination 
25 until a predetermined crank angle is detected and if the number 
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of revolutions of the internal combustion engine rises to equal 
to or greater than a predetermined value after the predetermined 
crank angle is detected, the start determination unit determines 
that starting the internal combustion engine is to be continued 
5 and if the number of revolutions is less than the predetermined 
value, the start determination unit determines that starting 
the internal combustion engine is to be stopped . 

When the starter being switched from the drive state to 
the non-drive state is detected, if ignition energization 

10 control is being performed for the internal combustion engine, 
if the number of revolutions of the internal combustion engine 
rises to equal to or greater than a predetermined value, the 
start determination unit of the start control apparatus of the 
internal combustion engine according to the invention 

15 determines that starting the internal combustion engine is to . 
be continued and if the number of revolutions is less than the 
predetermined value, the start determination unit determines 
that starting the internal combustion engine is to be stopped, 
and ignition energization is extended until a predetermined 

20 crank angle is reached or until a predetermined time has elapsed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
These and other objects and advantages of this invention 
will become more fully apparent from the following detailed 
25 description taken with the accompanying drawings in which: 
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FIG . 1 is a drawing to show the system configuration 
according to a first embodiment, a second embodiment of the 
invention; 

FIG. 2 is a drawing to show a cam sensor according to 
5 the first embodiment, the second embodiment of the invention; 

FIG. 3 is a drawing to show a crank angle sensor according 
to the first embodiment, the second embodiment of the invention; 

FIG. 4 is a timing chart at the starting time according 
to the first embodiment of the invention; 
10 FIG. 5 is a basic operation flowchart according to the 

first embodiment of the invention; 

FIG. 6 is an interrupt flowchart according to the. first 
embodiment of the invention; and 

FIGS. 7A and 7B is a timing chart at the starting time 
15 . according to the second embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First embodiment. 

Referring now to the accompanying drawings, there is shown 
20 a first embodiments of the invention. FIG. 1 is a diagram to 
schematically show the configuration of the main part according 
to a first embodiment of the invention. In FIG. 1, an engine 
10 implementing an internal combustion engine includes a piston 
13 placed movably in a cylinder to rotate a cam shaft 11 and 
25 a crankshaft 12, a valve 14 for sucking and exhausting air into 
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and from the cylinder, and an ignition plug 15 placed in a 
combustion chamber. A vehicle-installed battery 60 is 
connected to a starter 50 and the starter 50 can be turned on 
or off by operating a switch (not shown) . 
5 When the starter 50 is turned on, it is coupled to the 

crankshaft 12 to start the engine 10 and is driven by power 
supplied from the vehicle-installed battery 60, rotating the 
engine 10. An ECU 40 outputs various drive signals for driving 
a fuel injection valve (not shown) and injecting fuel and then 

10 driving the ignition plug 15 for burning fuel . The ECU 40 also 
inputs various input signals and is a control unit (apparatus) 
for controlling the fuel amount, the ignition timing, etc., 
based on information of the input signals. 

FIG. 2 is a side view to specifically show the outer 

15 peripheral shape of a signal plate 21 of a cylinder determination 
signal generation unit. FIG. 3 is a side view to specifically 
show the outer peripheral shape of a signal plate 31 of a crank 
angle signal generation unit. In FIG. 2, the signal plate 21 
is formed with asymmetrical protrusions 23 along the outer 

20 periphery, and a sensor 22 detects the protrusions and generates 
a signal. Here, the signal plate 21 and the sensor 22 are 
collectively called cam sensor. Also in FIG. 3, the signal 
plate 31 is formed with equal pitches 31a along the outer 
periphery, but lost tooth portions exist as shown in 31b (one 

25 tooth lost) and 31c (two teeth lost ) . To detect the protrusions 
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and generate a signal, a sensor 32 generates a signal indicating 
the reference position of lost teeth at the same time as each 
crank angle period. Here, the signal plate 31 and the sensor 
32 are collectively called crank angle sensor. 
5 In FIGS. 1 to 3, when the engine 10 rotates, the sensor 

32 installed in the vicinity of the crankshaft 12 generates 
a crank angle signal and the sensor 22 installed in the vicinity 
of the cam shaft 11 generates a cam signal and the signals are 
input to the ECU 40. 

10 Next, cylinder determination and ignition control will 

be discussed from a specific signal pattern of four-cylinder 
engine based on the signals of both the sensors 22 and 32 with 
reference to FIG. 4. Numeral 24 denotes a cam signal in time 
sequence, numeral 34 denotes a crank angle signal in time 

15 sequence, numeral 51 denotes a starter signal in time sequence, . 
and numeral 41 denotes an ignition signal in time sequence. 

As shown in FIG. 3, the crank angle signal (34) is a signal 
every 10 degrees and, for example, the section in which the 
four cylinders are controlled is (one cycle = 720° CA (crank 

20 angle)) . A lost tooth (31b, 31c in FIG. 3) is set every 180° 
CA. In 31b, no signal is generated in one tooth (20°) and in 
31c, no signal is generated in two teeth (30°) . These are used 
as the basis for the reference position of the crank angle. 
Further, the second tooth after the lost teeth is set as the 

25 reference position. Upon detection of one setup reference 
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position (75° CA before TDC, which will be hereinafter called 
B75° CA) , the ECU 40 starts to calculate output (fuel injection, 
ignition timing, etc.,) . The other setup reference position 
is B05° CA, indicating the ignition timing at the starting time 
5 just before the TDC . 

As a lost tooth detection method of the crank angle signal, 
for example, the following period measurement method is 
available: The time interval for each signal is measured and 
the periods are Tn-2, Tn-1, and Tn. Here, n represents the 
10 current period, n-1 represents one period before the current 
period, andn-2 represents two periods before the current period . 
K = (Tn-l) 2 /{ (Tn-2) *Tn} < 2.25 (1) 
2.25 < K < 6.25 (2) 
K > 6.25 (3) • 

15. If expression (1) holds, it is determined that .no lost 

tooth exists; if expression (2) holds, it is determined that 
one tooth is lost; if expression (3) holds, it is determined 
that two teeth are lost. 

On the other hand, the cam signal (24) is placed so that 

20 one or two signals are generated not later than B75° CA. Thus, 
cylinder determination can be made based on the number of the 
detected cam signals and the number of crank angle lost teeth. 

When the starter signal (51) is turned on at to and the 

engine starts to rotate, at the instant at which B75° CA can 
25 be detected at t2, cylinder determination is also made possible 



11 



based on the combination of the number of cams of the cam signal 
(24) and the number of lost teeth of the crank angle signal 
(34) detected so far. However, if cylinder determination can 
bemade, because of B75°CA, compression stroke is being conducted 
5 and fuel supply in the home stroke is impossible and fuel supply 
for the next cylinder is conducted. Thus, an ignition signal 
can be output at next B7 5° CA (t3) and ignition cannot be per formed 
until t4 (B05°CA) . Here, first explosion occurs . The sequence 
is repeated, whereby the engine is rotated and normal engine 

10 control can be started. 

Usually, the driver makes a determination from engine 
sound, the number of revolutions, etc., and turns of f the starter 
after the driver feels the engine completely exploding . However, 
if the engine is not smoothly burnt or the number of revolutions 

15 of the engine speed does not rise because of the effect of an 
operation mistake of the driver, low- temperature start ing, etc., 
namely, before completely explosion is reached, the driver may 
once turn off the engine, namely, turn off the starter. An 
engine control countermeasure in such a case will be discussed 

20 in detail below: 

(1) To begin with, the case where the starter is turned 
off in the section of ignition signal non-output at t5 to t7 

in FIG. 4, namely, fromB75° CA to B05° CA is considered . Assuming 
that starter off information is computed for each crank angle 
25 signal (34), the starter being turned off can be detected at 
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t6 and the number of revolutions of the engine for each crank 
angle signal (34) just before t6 is examined. The period may 
be every 20° CA rather than every 10° CA. For the number of 
revolutions, the period for each crank angle is calculated and 
5 the period is equivalent to the instantaneous number of 
revolutions of the engine. If the period is less than a 
predetermined value, it is determined that the piston is rising 
to complete explosion and a start determination unit determines 
that the condition is good, and continues start control, for 

10 example, ignition and fuel control. In FIG. 4, if an ignition 
signal at t7 to t9 is generated, start control is continued; 
if no ignition signal is generated, start control is stopped. 

On the other hand, if the period every 10° CA is equal 
to or greater than the predetermined value in the section, when 

15 the number of revolutions is insufficient for rising, the case 
where it is impossible to exceed the TDC occurs, and the start 
determination unit determines that start is impossible, and 
stops the next ignition and fuel control . Usually, in the number 
of revolutions of the engine in four cylinders, the threshold 

20 value is in the vicinity of about 300 rpm (10° CA = 5.6 ms) 
from the starter capability. 

(2) Next, the case where the starter is turned off at 
t9 to til, namely, from B05° CA to B75° CA is considered. In 
this case, start determination is put on hold. Alternatively, 

25 if the period every 10° CA when the starter is turned off is 
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less than a predetermined value, the start determination unit 
may determine that the condition is good, and may continue start 
control. In this case, however, preferably the predetermined 
value is di f f erent from the predetermined value mentioned above . 
5 On the other hand, if the determination is put on hold 

or if the period every 10° CA is equal to or greater than the 
predetermined value, the start determination unit waits until 

next B75° CA (til) . If the period of 10° CA at til is less than 
the predetermined value, it is determined that start is possible; 

10 if the period is equal to or greater than the predetermined 
value, start control is stopped. The final compression stroke 
is conducted for a while from B05° CA and the period of 10° CA 
tends to become slow and therefore a wait is made for next B75° 
CA before determination is made. Accordingly, erroneous 

15 determination can be suppressed . The reference position (crank 
angle) is not limited to B75° CA and may be a crank angle except 
that just after ignition. 

(3) Next, the case where the starter is turned off in 
the section between t7 and t9, namely, the case where ignition 

20 isnot still conductedalthoughB75°CAis exceededandan ignition 
signal is output is considered. If the period of 10° CA is less 
than a predetermined value, it is determined that start control 
is continued. 

On the other hand, if the period of 10° CA is equal to 
25 or greater than the predetermined value, it is determined that 
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start control is stopped . However, the control varies depending 
on whether or not B05° CA is exceeded, precisely, whether or 
not the TDC is exceeded. If B05° CA is exceeded and B75° CA 
(til) is detected, it is assumed that the engine rotates in 
5 the forward direction, and the ignition signal is not terminated 
at t9 and is continuously energized to til and is turned off 
at til for ignition. On the other hand, if B75° CA cannot be 
detected although a wait is made for a predetermined time, it 
is determined that the engine rotates reversely, and the ignition 

10 signal is continuously energized to the point in time and then 
is turned off. Thus, whether or not the engine rotates in the 
forward direction is unknown while the ignition signal is being 
output, and if ignition is conducted in this state, there is 
a possibility that the engine may be rotated reversely, and 

15 reverse rotation of the engine causes mechanical damage to the 
engine. Therefore, turningof f the ignition signal ispostponed, 
whereby processing of stopping the engine with safety is 
performed. 

As described above, whether or not start control is to 
20 be continued or stopped when the starter is turned off during 
starting in the low number of revolutions before the idling 
speed is reached is determined based on the period of the crank 
angle signal of the starter off timing. Erroneous ignition 
and erroneous injection can be prevented and the engine can 
25 be stopped reasonably with safety and by extension the advantages 
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of improvement in emission control as it is determined that 
starting the engine is continued and improvement in startability 
at the next time as it is determined that starting the engine 
is stopped are provided. Although the period of the crank angle 
5 signal is used, the change amount or change rate of the crank 
angle signal period may be used. That is, if the change amount 
(change rate) is used in comparison with the predetermined value 
instead of the crank angle signal period, similar determination 
can be made, needless to say. Further, the two points of B75° 

10 CA and B05° CA are set as the reference positions, but can also 
be changed to B90° CA and B0° CA. 

How the actual ECU (40 in FIG. 1) performs the described 
processing will be discussed from the viewpoint of the actual 
operation with a flowchart of FIG. 5. First, when the ECU is 

15 powered on, a CPU installed in the ECU is started and starts 
processing in accordance with a program written into the CPU. 
At step S001, initialization processing of flags, output, RAM, 
etc., is performed. 

Next, atstepS002, whether or not the number of revolutions 

20 of the engine is equal to or greater than a second predetermined 
value is checked by a method described later. The number of 
revolutions of the engine can be replaced with the period every 
10° CA of the crank angle signal. It is compared with 3 . 3 ms 
= 500 rpm, for example, as the second predetermined value. If 

25 the engine rotates at the second predetermined value or more, 
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it has a sufficient number of revolutions and start control 
is terminated and the starter is not involved in the processing . 
Therefore, after this, normal engine control is started at step 
S003. If the number of revolutions of the engine is less than 
5 the second predetermined value, the state is a start control 
state and the following steps are executed in order. 

At step S004, whether or not the starter is on is checked. 
If the starter is off (YES), cranking is being performed and 
ignition and fuel control for start is performed at step S005. 

10 This means processing to t5 in FIG. 4. On the other hand, if 
the starter is on (NO) , whether or not the starter is on in 
processing at the preceding time of the program is checked. 
This is processing of detecting switch of the starter from on 
to off. If the starter is on at the preceding time (YES), the 

15 switch point in time is applied and at step S007, whether or 
not the current crank angle is the section from B75° CA to B05° 
CA is checked. This is check in (2) described above. If the 
current crank angle is the section (YES ) , the process goes to 
step S008; if the current crank angle is not the section (NO) , 

20 the process goes to step S015 to put determination on hold. 
To store the state in (2), flag 1 is set at step S015. 

At step S008, the period of 10° CA is checked. If the 
period is less than a first predetermined value Ta, for example, 
5.6 ms, it is determined that the engine rotates at desired 
25 engine speed, and at step S021, start control is determined 
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good. At step S022, a signal to continue the ignition and fuel 
control is output. On the other hand, if it is determined at 
step S008 that the period is equal to or greater than Ta, there 
is a possibility that start control will be stopped and therefore 
5 further check is continued. This is the state at t6 or t8 in 
FIG. 4 and whether or not start control is to be continued is 
checked based on the number of revolutions. 

Steps S009, S010, and SOI 1 will be described later . Step 
S012 is check in (3) described above . Whether or not an ignition 

10 signal is being output when the starter is switched from on 
to off is checked. If the ignition signal is being energized 
(YES), flag 2 is set at step S017. At step S018, only fuel 
control is stopped. Further, at S016, start control is placed 
in temporary standby. The CPU does not output any actual output 

15 signal and preprocessing stage for start impossible control 
is meant. If the ignition signal is not being energized (NO) , 
it is determined at step S013 that start is impossible, and 
at step S014, an output signal is controlled so as to stop the 
ignition and fuel control. 

20 The program executes all steps in a predetermined time 

and returns to step S002 and then again repeats the processing 
sequence. Thus, the processing in (2), (3) described above 
is performed using the flag. If it is determined at step S009 
that flag 1 is set, namely, if determination is put on hold 

25 in (2) described above, a wait is made until B75° CA is detected 
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at step S019. If B75° CA is detected (YES) , at step S020, the 
period of 10° CA is checked as at step S007. If the period is 
less than the predetermined value Ta (YES) , the process goes 
to steps S021 and S022 and start is continued. On the other 
5 hand, if the period is equal to or greater than the predetermined 
value (NO), at step S028, the flag 1 is reset and then start 
is stopped at steps S013 and S014. 

In (3) , whether or not the flag 2 is set is checked at 
step S010. If the flag 2 is set, the process goes to step S023. 

10 At step S023, a counter for measuring the elapsed time is 
incrementedby one . At step S024 , whether or not a predetermined 
time, for example, 100 ms has elapsed is checked. If the 
predetermined time has not elapsed (NO) , whether or not B75° 
CA is detected is checked. If the counter is equal to or greater 

15 than a predetermined value Ca or if B75° CA is detected, at 
step S026, the ignition signal is turned off, thereby sparking 
for burning fuel. At step S027, the flag 2 is reset. Then, 
start impossible processing is performed at steps SOI 3 and SOI 4 . 

On the other hand, if the counter is less than the 

20 predetermined value Ca and B75° CA cannot be detected, further 
standby processing is performed at steps S018 and S016. At 
step SOU, the counter is reset because the state is not (3) . 

Further, periodic processing every 10° CA will be 
discussed with FIG. 6. Whenever a crank angle signal is input, 

25 an interrupt routine of the CPU is executed. Therefore, if 
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the processing in FIG. 5 is being performed, the processing 
in FIG. 6 is executed forcibly. At step S050, time tn input 
at the preceding time is stored in preceding preceding time 
tn-1. At step S051, the current time is input to tn . The 
5 difference between tn and tn-1 is calculated, whereby period 
measurement is made possible. To use 20° CA, the difference 
from tn-2 is used, whereby period measurement is easily made 
possible . 

At step SG52, the starter on or off state is detected 
10 and stored. At step S053, miscellaneous necessary processing 
is performed in response to the crank angle signal . For example, 
presence or absence of detection of B75° CA, B05° CA and the 
crank angle position are stored. Then, control returns to the 
main program in FIG. 5. 
15 As described above, the processing is performed in 

response to the state when the starter is turned off, whereby 
whether or not start is to be continued or stopped can be 
determined and the need for forcibly stopping the engine as 
the starter is turned off although the engine can be started 
20 is eliminated. If it is determined that start is to be stopped, 
the engine can be stopped with safety without reversely rotating 
the engine. 

The start determination method using the crank angle 
period has been described, but the change rate or the change 
25 amount of the period can also be used in place of the period 
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for making similar determination. In this case, the current 
change rate (amount) is compared with that at the preceding 
time for making determination. Thus, for rise in the number 
of revolutions of the engine, if the change rate (amount) is 
5 equal to or greater than a predetermined value, it is determined 
that start is possible; if the change rate (amount) is less 
than the predetermined value, it is determined that start is 
impossible . 
. Second embodiment. 

10 Next, a second embodiment of the invention will be 

discussed in detail. FIGS.7A and 7B describe change (44) and 
change (4 6) in the number of revolutions of engine during 
cranking along the time sequence. (42) denotes the number of 
revolutions during cranking, which is determined by the 

15 relationship between starter and engine; for example, it is 
300 rpm. (43) means that start is complete and the engine 
rotates; it represents the number of revolutions determined 
complete explosion, for example, 500 rpm. 

ta, tc, te, and tg indicate B75° CA, and tb, td, tf, and 

20 th indicate B05° CA. For example, it is assumed that the number 
of revolutions of the engine changes like (44) during cranking 

and B75° CA and B05° CA are detected like ta to te accordingly. 
If a starter off signal is detected in a state in which the 
number of revolutions is lower than the number of revolutions 
25 during cranking (42), it is determined that start control is 
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stopped. In contrast, the number of revolutions is equal to 
or greater than the number of revolutions determined complete 
explosion (43), it can be determined that start control is 
complete and normal control is performed. 
5 From rise and fall of the piston, the vicinity of B75° 

CA indicates the tendency of the maximum number of revolutions 

of the engine and the vicinity of B05° CA indicates the tendency 
of the minimum number of . revolutions of the engine as described 
in the first embodiment. Then, if the number of revolutions 

10 of the engine at B75° CA and that at B05° CA are used, the maximum 
number of revolutions and the minimum number of revolutions 
are examined. For example, the instantaneous number of 
revolutions of the engine every predetermined time every 10° 
CA or every 20° CA is calculated. This is nothing but period 

15 measurement of a crank angle signal . Then, if the starter being 
turned off is detected to tb even if initial explosion exists 
in the graph of FIG. 7A, 7B, it is obvious that it is determined 
that start control is stopped. That is, both the maximum and 
minimum numbers of revolutions are lower than the number of 

20 revolutions during cranking. 

If change as in (a) exists, it simulates starting of the 
warmed-up engine. If the starter being turned off is detected 
on and after tc (B75° CA) , the maximum number of revolutions 
not only is equal to or greater than the number of revolutions 

25 during cranking, but also exceeds the number of revolutions 



22 



determined complete explosion (43), and start control is not 
stopped and is continued. If the engine is already warmed up, 
it normally starts to rotate like (44) after initial explosion 
or one or two explosions. That is, if the maximum number of 
5 revolutions is equal to or greater than a first predetermined 
number of revolutions (45) exceeding the number of revolutions 
during cranking, a start determination unit determines that 
start control is to be continued. To check the maximum number 
of revolutions at the starter off time, if the fact that the 

10 number of times, for example, the maximum number of revolutions 
in the past continued a plurality of times of twice or three 
times exists, it may be determined that start is to be continued • 
Here, a problem arises if at least either of B75° CA and 
B05° CA is higher than the number of revolutions during cranking 

15. (42) and is lower than the number of revolutions determined 
complete explosion (43) . The case occurs where the number of 
revolutions is difficult to rise in the vicinity of the number 
of revolutions during cranking like (46) in FIGS. 7A and 7B* 
Particularly, the case often occurs at the low-temperature time 

20 and the temperature can be detected at a temperature in the 
proximity of the engine, for example, water temperature. A 
situation in which the water temperature is, for example, -10 
degrees or less is applied. In this case, it is considered 
that if determination is made by the maximum number of 

25 revolutions, an error results. Then, a method at the 
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low-temperature time will be discussed. 

If the maximum number of revolutions just before the 
starter is turned off is equal to or greater than the first 
predetermined number of revolutions (45) and the minimum number 
5 of revolutions is less than the first predetermined number of 
revolutions (45) like te in FIG . 7B, it must be determined that 
start is impossible. In FIG. IB, although initial explosion 
was conducted at te, later ignition cannot be accomplished and 
the number of revolutions of the engine does not rise . Therefore, 

10 even if the starter being turned off is detected after te, unless 
it is determined that start is impossible, the engine cannot 
be rotated. Thus, start determination based on the starter 
off at the low-temperature time requires use of the minimum 
number of revolutions. That is, if the minimum number of 

15 revolutions just before the starter is turned off is equal to 
or greater than the first predetermined number of revolutions, 
the start determination unit determines that start control is 
continued; if the minimum number of revolutions is less than 
the first predetermined number of revolutions, the start 

20 determination unit determines that start control is stopped. 

Determination based on the minimum number of revolutions 
independently of the temperature may be made . However, to again 
start the warmed-up engine, it is not necessary to use the minimum 
number of revolutions and even if the starter is turned on and 

25 off intermittently, when the temperature is high, start control 
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is continued independently of the start, stop, and restart 
operation, whereby fuel economy and emission control can be 
improved. The predetermined number of revolutions for start 
determination is the predetermined value higher than one number 
5 of revolutions during cranking, but two numbers of revolutions 
during cranking may be included and the higher number may be 
compared with the maximum number of revolutions and the lower 
number may be compared with the minimum number of revolutions . 

As described above, whether start is to be continued or 

10 stopped is determined based on the stored maximum number of 
revolutions or the stored minimum number, of revolutions just 
before the starter is turned off, so that easy and precise 
determination can be made and the need for performing fruitless 
start control is eliminated and by extension fuel economy and 

15 emission control can also be improved. The threshold value 
of the number of revolutions can be switched at water temperature 
and erroneous determination based on the temperature can be 
prevented without the need for any additional sensor. 

The invention is embodied as described above and therefore 

20 provides the following advantages: 

The start control apparatus of the internal combustion 
engine according to the invention has the start determination 
unit for determining whether starting the internal combustion 
engine is to be stopped or continued based on the crank angle 

25 and the number of revolutions just before the crank angle just 
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after the starter being switched from a drive state to a non-drive 
state is detected, and performs ignition stop control to stop 
starting the internal combustion engine or performs ignition 
control to continue starting the internal combustion engine 
5 in accordance with the start determination result, so that the 
determination can be made reliably and fruitless ignition 
control stopping can be prevented as it is determined that 
starting the internal combustion engine is continued and on 
the other hand, if it is determined that starting the internal 

10 combustion engine is stopped, erroneous ignition can be 
prevented and the engine can be stopped reasonably with safety 
and startability at the next time is improved. 

The start control apparatus of the internal combustion 
engine according to the invention has the start determination 

15 unit for determining whether starting the internal combustion 
engine is to be stopped or continued based on the crank angle 
detected by the crank angle sensor and the maximum or minimum 
number of revolutions among the stored numbers of revolutions 
just before the crank angle just after the starter being switched 

20 from the drive state to the non-drive state is detected, and 
performs ignition stop control to stop starting the internal 
combustion engine or performs ignition control to continue 
starting the internal combustion engine in accordance with the 
start determination result, so that the determination can be 

25 made reliably and fruitless ignition control stopping can be 
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prevented as it is determined that starting the internal 
combustion engine is continued and on the other hand, if it 
is determined that starting the internal combustion engine is 
stopped, erroneous ignition can be prevented and startability 
5 at the next time is improved. 
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